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Full-Adder

e s=AeB®(Cin
e Cout=A.Cin+B

Cout

Cin ; L;%;ti[:>_
Cout




N-Bit Ripple-Carry Adder

X y
Xp-1Yn-1 f’il Bil X0 Yo | |
Cout™ | FA "_. . = “— FA FA “'_Cm_ \/ “—Cin
C

Sh-1 S S S s



Ripple-Carry Addition

e Let'sadd 0111 + 1001

X3 Y3 X2 Yo X1 Y X0 Yo
| | | | | | |
Cout 1 FA [ FA —/ FA [/ FA |— Cin




Subtraction
e Note that -x =inverse of x + 1

Yo Y1 Yo-1 Xo X Xp-1
SUB I| i |l
xor| [xor|-+- |Xor

n C out




X3 Y3 Xy ¥Y> SIA! X0 Yo

| | | | | |

 Two gates (AND and OR) Cin
e Delay~2x N
N bits



A Faster Adder

e Each Stage either:
— Generatesa Carry:1+1
— Propagatesa Carry:1+0,0+1,0+0

Civn = %3Gy + viCy + XY

Ciyy = (X, + vy)cy + X,V4

Propagate Generate



Carry-Lookahead Adder

o Let:

P, = (%, + v;)
4 D ~
Ciy1 = Picy + Gy

» P is called the Propagate signal. G is called the Generate
signal.

— The carry input to each stage can be calculated as follows:

c, = P.PPc,. + P.P,G, + P.G, .G,

n



4-Bit CLA Adder

X3 ¥ % ¥ 1N X Y
| ' ' '
C . _':3 . C2 . C’] i
4+ Bit cell Bit cell [*5 Bit cell [* Bit cell “—r i)
! 4 Y v
Bit cell: S 9 S 9
Gy = XYy S G [P, Gyl [P G |Fo
¥ Y 1Y I
P. = (x; + v
1 (X V1) Carry-lookahead logic n
5; = % @y © iy
CLA Logic:
' — D — =
k_.-J_ 1 ':,' ':_;lI_: —I_ E:'ri:.l
c, = P Pycy, + PGy + Gy
; — D - DD
\ _ZPJ_P':J(_J:LD —I_ __.__'.,I.:J n :



= Pyc,, + Gy

Cl -~ 0¥in

, = P,P,c,. + PG, + G,

cy = P,P PJc in T BP.PGy, + PGy, G,

c, = P.P.P,P.c,, + PP.P.G, + P.P.G, + PG, + G,

* There are a couple of key features to note with this
reorganization:

— Each P and G signal only depends on the inputs X and Y.
They are available 1 gate delay after the inputs to the adder

are available.
— Looking at the expression:
c, = PP Pcy, + P.PG, + PG + G,

Lets compute the delay of the cr|t|ca| path



— P -C. -I_ (::I i:_l

Cq PiCin

(:4: = )_PJ( in —I_ __)'_[::II:I —I_ (_-I_

c, = P,P,P,c,. + P,PG, + PG, .G,

(:4 — _QP P PJ lI'l —I' _QP Pl _J + P P 'IJ_ —I' :)Q[: —I' Gf_g

The delay for all carry signals is 3 gate delays:
1.1 OR for the P terms and 1 AND for the G terms (in parallel)
2. 1 AND to and all P’s and the carry-in
3. 1 OR compute the carry-out for the stage

Now, the last sum term actually comes out later since it still
requires an XOR after the carry is produced

- 5, = X; @ y,® c,

Final sum is available in 4 gate delays



Compound CLA Adder

« Clearly the carry look-ahead adder has a speed advantage, at
the cost of more gates:

— The additional gates calculate many of the intermediate
results in parallel instead of serially

— More gates will result in more silicon area and ultimately
more power.

* Another problem is that the number of inputs (fan-in) into a gate
cannot be increased indefinitely:

— Beyond a 5 input gate, the gate starts to take too long
— Simple gate delay approximation breaks down...

We can combine several CLA's to keep the fan-in low



16-bit CLA Adder

X15-12 Y1512 X11-8 }‘11{3 X?f }’7{4 J‘-’ei;{:- i”c-;‘.n
Ci 5+ 4-bit adder €12 4-bit adder -E ‘4—bit adder ..34 4-bit adder [~—w— @
' { { '
S15-12 Si1-8 -4 3.0
I I N |p I |p/ =
Gl 1R %] 'i Gil 17 Gﬁ |
Carry-lookahead logic ~—
Each 4-bit adder is a 4-bit CLA adder with additional outputs:
G, = P3P,P,G, + P3P,G; + P.G, + Gy
P, = P,P,P,P,
C, = Pylc,, + G,
G,/ = P,P.P.G, + P,P.Gc + P,G, + G4
P;! = P;PgPsP,
Cq = PPylcy, + PG, + G

= BPePsb PP Pocy
+ . + PG + G

+ P,P.P.P,P,P,P.G, + P,P.P.P,P.P.G,

n



Delay of 16-bit CLA Adder

X15.12 Y1512 X118 Y118 X714 }’?{4 %30 J/?,‘.D
Cl=* 4-bit adder 12 4-bit adder % 4-bit adder % 4-pit adder
i ' i '
Si15-12 Si1-8 574 S0
& Ip/ & |P/ G| |Pf & |R/
— Carry-lockahead logic —

+ Calculated the delay through this adder:

1.

2.
3.

All P, and G, terms are available 1 gate delay after X and Y
are available.

All p..! & G, ! terms ready 2 gate delays after P, & G, terms.
c,,Cs,C,.,C, . available 2 gate delays after p,| & G| terms.
Internal carries (i.e. C.,C.,C-) take another 2 gate delays

* You can'’t calculate these until ¢,,C,,C,, are ready

* le.C. = Pe, + Gy

Final sum takes 1 more gate delay after C.,C,,,C,- are done
¢ S5, =X @ vy, D ¢y

* Intotalwe havedelay=1+2+2+ 2+ 1=38gate delays



Carry Select Adder

e Say you wanted to calculate a 64-bit add
e But you cannot fititin a cycle

e But you can fit 32-bit adds

 What can you do?



Carry Select Adder

e Calculate three sums in parallel
e Lower 32-bit sum

— This produces a carry out at the 32-bit position

e Two Upper 32-bit sums
— One that uses a 0 carry in
— Another that uses a 1 carry in

 Once the Lower completes

— Select which upper result is right
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